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Description 

[0001] The present invention relates to an optical flDer 
array coupled to a semiconductor laser diode array and 
a method of proauoing the optical fiber a-ray. and more 
parte jiarly, to an optical fiber array in which a plurality 
of ootical fibers, each having a lens formed integraliy at 
an end thereof, are arrayea in sucn a manner tna: tney 
project from an end face of a fiber array oIock by sub- 
stantially the same length, and a method of producing 
the optical fiber array. 

[0002] A conventional light-e.mrttirg module incorpo- 
rated in an optical communications systerr conorises a 
lase' diode (hereinafter referred to as "LD") serving as 
a light soiree, and a lens interposea between t,-ie LD 
and an optical fiber for converging the laser beam onto 
the core of the optica! fiber. To n^ai<e good Lise the 
energy of the LD, the module is required to have a high 
coupling efficiency which is the ratio (%) of the amount 
of light incident on the optical fiber to the amount of light 
emitted from the LD. To this end, the lighl-emitting mod- 
ule IS assemoied with the optical axes of the LD, lens 
and optical fiber angned with each other, so as to 
achieve a maximum coupling efficiency between the LD 
and the optical fiber 

[0003] Recently, an optical fiber nas been proposeo 
in which a lens is formed directly on an end thereof 
(hereinafter referred to as "lensed optical fiber') In this 
type of optical fiber, the fiber end itself functions as a 
lens Consequently, the number of parts constituting the 
module is lessened Also, the number of operations re- 
quired for the optical axis alignment during manufacture 
can oe reduced, whereby the cost is cut down 
[0004] The lensed optical fiber is produced in the 
manner descrioed below, for example. 
[0005] First, an optical fiber, from which a jacket has 
been removed, is heated locally by heating means such 
as a burner, with a tensile force applied thereto, whereby 
the heated portion extends. When the outer diameter of 
the heated portion is decreased to about 1 0 urn or less, 
application of tne tensile force is stopped After the di- 
ameler-reduced part is cut with a cutter, the cut end of 
the optical fiber is again heated by the burner for fusion. 
As the fiber end is melted, its shape becomes semi- 
spherical due to surface tension, and this semispherical 
end functions as a lens. 

[0006] Thus, the lensed optical fiber has a semispher- 
ical lens at an end thereof, as well as a taper portion of 
a certain length whose diameter gradually increases 
with distance from the semispherical end. 
[0007] A conventional light-emitting module using the 
lensed optical fiber has an arrangement shown in FIG 
16, for example, as disclosed in Unexamined Japanese 
Utility fyiodel Publication (KOKAI) No 3-6612 As illus- 
trated, a bare LD 1 is arranged within a package 2 hav- 
ing an upper open end, ana a lensed optical f ber 3 is 
insoned through a wa.l of the oackage 2 n such a man- 
ner that a lens 3a at the fibe' end faces the lignt-emitt.rg 



surface of the LD 1 with a space of aoout 10 ijm inere- 
oetween ~o protect the LD 1 against oxidation and 
moisture, a cover 4 is fitted on tne open end of the pacK- 
age 2, and tne ,ersed optical fiber 3 ;s firmly secured to 
s the wall oy solder 5. so that the package 2 has an airtignt 
structure 

[0008] Hecantly. there is an increasing demana lor a 
igh:-emit'.ing module capable of connecting an LD ar- 
ray, which includes a plurality of LDs (light sources), to 

10 an optical fiberarray, which includes a plurality of optical 
fibers arranged in a fiber array block, by means of a lens 
array including a plurality of lenses, thereby collectively 
coupling the LDs to the respective optica 'ioers. 
[0009] In such a light-emitting modu.e, the coupling 

15 e"iciency between the individual arrays is preferably as 
high as possible. Also, the emission power of the indi- 
vidual optica! fibers arranged in the fiber array need be 
identical 

[0010] Thus, when producing a light-emitting module, 
20 it is necessary that the dimensional accuracy of each 
array be high and that the optical axes of the LDs, lens- 
es, and optical fibers be aligned for each optical path. 
[0011] In the case wnere this type of light-emitting 
module is produced using the lensed optical fibers, pre- 
ss iiminary work is required wherein a plurality of lensed 
optical fibers are arrayed and fixed to a fiber array block 
to obtain an optical fiber array. 

[0012] In this case, if the ends of the lensed optical 
fibers are positioned irregularly with respect to the cor- 

30 responding LDs of the LD array, there occurs a variation 
in the distances from the LDs to the corresponding fiber 
ends when the LD array is coupled to the optical fiber 
a^ay Consequently, a plurality of optical systems each 
constituted by an optical fiber and an LD associated 

35 therewith have different coupling efficiencies, lowering 
the reliability of the light-emitting module. 
[0013] Further, since the lensed optical fiber has a 
semispherical lens at an end thereof, positioning the 
^ens surfaces of all fibers in alignment consumes signif- 

•<o icant laoor, unlike the conventional optical fibers whose 
end faces are perpendicular to their optical axes 
[0014] Generally, the fiber- array block is made of a 
synthetic resin such as eooxy resin, and when a light- 
emitting module is assembled, the LD array and the op- 

■*S tical fiber array are placed close to each other Accord- 
ingly, during operation of the light-emitting module, gas 
is emitted from the synthetic resin forming the optical 
fiber array, due to heat generated by the LD array, and 
contaminates the LD array 

so [0015] Exa.mplesoffiberarrays with lensed optical fib- 
ers are found in US 4 812 002 A and Jap. Pal. Abstr. 
corresponding to JP 56 152 213 A. 
[0016] The present invention was created to solve tne 
above problem associated with the mianufacture of an 

ss optical fibe^ array, or more specifically, the positioning 
o' ensed optical fibers with respect to a fioer array DIock. 
and a f.rst object of the invent on is to provide an optical 
fiber a'ray and a method of producing the same, by 
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which the lens surfaces of all optical fibers can be easily 
positioned in alignment, variation in coupling efficiency 
between the fiber array and an LD array is eliminated, 
and high coupling efficiency is achieved, 
[0017] A second object of the present invention is to 
provide an optical fiber array and a rrethod of producing 
the same, wherein tne LD array couoled to the ootica; 
fiber array is prevented from being contam.inatec ol: r.g 
cperation thereof, 

[0018] To achieve the first object, the present inven- 
tion provides an optical fiber array comprising; 

a plurality of silica glass optical fibers which each 
compnse a core and a cladding: and 
a fiber array bloci< member made of a synthetic res- 
in and comprising holes in which said plurality of sil- 
ica glass optical fibers are arranged and fixed, 
each of said plurality of silica glass optical fibers 
having an end projecting from an end lace of saic 
fiber array member by a substantially equal length, 
and a lens having a shape of a cone or a truncated 
cone formed by etching at the end thereof, wherein 
said core and cladding are made of materials to be 
etched in such a manner that said cladding is 
etched faster than is said core when immersed in 
hydrofluoric acid or a solution of a mixture of hy- 
drofluoric acid and ammonium fluoride. 

[0019] The invention a so provides, from a second as- 
pect a method of producing an optical fiber array com- 
prising the following steps; 

[0020] A step ot arranging and fixing a plurality of op- 
tical fibers having a core and a cladding in holes of a 
fibre array block member such that an end of each of 
the optical fibers projects from an end face of the fiber 
array member wherein the fibers are made of materials 
to be etched in such a manner that said cladding is 
etched faster than is the core when immersed in hydro 
fluoric acid orasolution of a mixture of hydrofluoric acid 
and ammonium fluoride; a step of forming a coating lay- 
er of a desired thickness over the end face of the fiber 
array member and portions of the optical fibers project- 
ing from the end face of the fiber array member; a step 
of collectively polishing the ends of the optical fibers pro- 
jecting from the end face of the fiber array member, to- 
gether with the coaling layer, up to a predetermined po- 
sition, thereby making the lengths of projections of the 
optical fibers substantially equal; and a step of removing 
the coating layer and forming by etching a lens having 
the shape of a cone or a truncated cone at the end o' 
each of the optical fibers, wrherein said etching step in- 
cludes the ends of the optical fibers being immersed in 
hydrofluoric acid or a solution ot a mixture of hydrofluoric 
acid and ammonium, fluoride so that a cladding of each 
optical fiber is etched faster than a core thereof 
[0021] In the optical fiber array and the method of pro- 
aucirg the same according to the present invention, tne 
enos of the optica, fibers projecting from the end lace of 



the fiber array member are collectively polished. Ac- 
cordingly even if the optical fibers are irregularly pro- 
jected, the lengths of the projections of the optical fibers 
can be maoe substantially equal by the polishing step 

5 [0022] During the polishing step, the coating layer 
covering the ends of the optical fibers serves to reinforce 
the fioers. Thus, even .f the projections of the optical 
f bers 'rom the fiber array mem.ber are somewhat too 
long, the polishing work can be smoothly carried out. 

10 [0023] After the optical fibers are collectively pol- 
ished, the coating layer having a certain thickness and 
covering the end face of the fiber array member is re- 
moved, whereby the ends of the optical fibers are pro- 
jected from the end face of the fiber array member by 

TS an equal length. 

[0024] Finally, lenses are collectively formed at the re- 
spective ends of the optical fibers. Accordingly, the dis- 
tances from the lenses of the individual optical fibers to 
the end (ace of the fiber array member are equal to each 

20 other, whereby variation in the coupling efficiency of the 
optical fibers can be eliminated. 
[0025] A preferred silica g;ass optical fiber includes 
an optica! fiber having a core made of pure silica glass 
and a cladding made of silica glass doped with a fluo- 

zs 'ine-based substance, and an optical fiber having a core 
made of silica glass doped with germanium dioxide and 
a claocing made of pure silica glass or silica glass doped 
with a fluorine-based substance. 

[0026] Preferably, the fiber array member is made of 
30 a synthetic resin, and has a plurality of fiber holes 
formed therethrough at an equal pitch such that the op- 
tical fibers are respectively inserted Into the fiber holes. 
[0027] Still preferably, a shield layer, for example, a 
metal plating layer, is formed on an outer periphery of 
3S the fiber array member and outer peripheries of the op- 
tical fibers. With this arrangement, not only the first ob- 
ject but the second object of the present invention is 
achieved. Namely, an optical fiber array is provided 
wherein an LD array connected thereto is prevented 
■<o {rom being contaminated during operation. 

[0028] This optical fiber array is produced by forming 
the shield layer over the entire surface of the fiber array 
memiber and the entire surfaces of the portions of the 
optical fibers projecting from the fiber array member be- 
45 fore the coating layer is formed. 

[0029] In the optical fiber array and the method of pro- 
ducing the same according to the present invention, 
even if the optical fibers project irregularly from the end 
face of the fiber array member, the lengths of the pro- 
se jections ot the fibers can be finally made equal, and lens- 
es are formed at the respective ends of the fibers at an 
equal distance from the end face of the fiber array mem- 
oer. Thus, it is possible to do away with the labor-con- 
suming work of aligning each end of optical fibers with 
ss respect to the fiber array member, which work is asso- 
ciated with the conventional optical fiber array 
[0030] ~r,Q optical 'ifccr array thus prod-cec exh:D;ts 
r gh coupling efficiency when connected to an LD array. 
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and there Is no variation of coupling efficiency between 
tfie IDs and the corresponding optical fibers because 
the lengths of the projections of tne fibers are the same 
Accordingly a hign-reiiability iight-emitting module can 
be provided 

[0031] Further, by covering the surface of the fioer ar- 
ray member with the shield layer, it is possible to prevent 
contamination of the LD array which can be caused oy 
the gas produced from the fiber array member 
[0032] Some embodiments of tne invention will now 
be described by way of example and with reference to 
the accompanying drawings, in which:- 

FIG. 1 is a sectional plan view of an optical fiber 
array according to a first emoodiment of the present 
invention; 

FIG 2 is a perspective view illustrating how a plu- 
rality of optical fibers are arranged in a fiber array 
block according to an optical fiber array producing 
method of the present invention, 
FIG 3 is a sectional plan view of the fiber array clock 
in which optical fibers are securely arranged: 
FIG 4 IS apian view showing a state ir which a coat- 
ing layer is formed on the fiber array block of FIG 3; 
FIG, 5 IS a plan view showing a state in wnch an 
end face of the fiber array block In FIG, 4 has been 
polished; 

FIG 6 is a plan view showing a state in which the 
coating layer has been removed from the fiber array 

Block of FIG, 5; 

FIG 7 is a perspective view illustrating how a plu- 
rality of optical fibers are arranged in a fiber array 
block having a different structure, 
FIG 8 is a sectional plan view of an optical fiber 
array which is produced using the fiber array block 
shown in FIG 7 and connected to an LD array; 
FIG, 9 is a sectional plan view of an optical fiber 
array according to a second embodiment of the 
present invention; 

FIG. 1 0 is a sectional plan view of a fiber array block 
in which a plurality of optical fibers are securely ar- 
ranged, 

FIG 11 is a plan view showing a state in wmch a 
metal plating layer is formed on the fiber array blocK 
of FIG 10, 

FIG, 12 IS a pian view showing a stale in which a 
coating layer is formed on the fiber array block of 
FIG 11 to immovably hold the fiber ends; 
FIG, 1 3 Is a plan view showing a state in which the 
coating layer formed on the fiber array block of FiG 
1 2 has been polished, together with the fiber ends; 
FIG 14 is a plan view showing a state in which the 
coating layer has been removed from the fiber array 
block of FIG 13; 

~IG " 5 is a sectional plan view showing a principa' 
part of an optical fiber array which is an example of 
modification of tne second embodiment; ano 
FIG 16 IS a sectional view of a conventional light- 



emitting module, 

[0033] An optical fiber array and a metnod of produc- 
ing tne sane, according to a first embodiment of tne 
I present invention wM be described in deta,l with refer- 
ence to FIGS 1 to e 

[0034] As shown in FIG 1, an optical fiber array 10 
comprises a fiber array block 11 and a plurality of (in 
the figure, four) optical fibers 12 secured to the block 11 

ifl by adhesive 1 3. 

[0035] The fiber array block 11 is a rectangular paral- 
lelepiped member made of a synthetic resin, and has 
four fleer insertion holes 11a fo.'med through a central 
portion thereof at regular intervals (a1 an equal pitch). 

15 [0036] Theoplicalfibers 12areottained, forexample, 
by removing a covering from a tape fiber. In the illustrat- 
ed fibers 12, a jacket has further been removed to ex- 
pose a claading. The optical fibers 12 project from an 
end face lib of tne fiber array block 11 by substantially 

so the same length, and a lens 12a is formed at the end of 
each of the fibers 12 

[0037] ~ne optical fiber array 1 0 having the illustrated 
construction was produced by a method described be- 
low, 

2S [0038] First, as shown m FIG. 2, the optical fibers 12 
were inserted into the respective fiber insertion holes 
1 1 a of the fiber array block 1 1 

[0039] The fiber array block 11 is preferably made of 
a matenal vrfiich is not eroded by an etchant used when 

30 forming the lens 12a at tne end of the optical fibers 1 2 
For example, the block 11 is made of a resin such as 
epoxy resin. The res.n block was machined to form tne 
fiber insertion holes 1 1 a with high accuracy at a pitch of, 
for example, 250 (j.m The fiber array block 11 can be 

3S produced by molding resin in a die, as in the case of 
forming a conventional multifiber connector, 
[0040] Subsequently the optical fibers 12, which had 
been inserted through the respective fiber insertion 
holes 11a, were fixed by epoxy resin adhesive 13, for 

■io example (see FIG 3), 

[0041] In this case, the lengths by which the respec- 
tive optical fibers 12 project from the end face 11 b of the 
fioer array block 1 1 need not be the same, and may differ 
as shown in FIG 3 

[0042] The optical fibers used should be those whose 
cladding and core are made of materials such that the 
cladding is etched faster than the core when the fiber is 
immersed in an etchant such as nydrofluoric acid or a 
solution of a mixture of hydro'luoric acid and ammonium 
sc fluoride. 

[0043] Available optical fibers include the following: 
[0044] A first optical fiber: A core is made of pure silica 
glass (SiOj). and a cladding, which surrounds the core, 
is made of glass prepared by doping silica glass with a 
ss fluorine-based substance 

[0045] A second optical fiber: Tne core is m.ade of sil- 
ica glass cooed with gcrmian.um dioxice (GcOj) In this 
case the claoding may be maoe of pure silica glass or 
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silica glass doped with a fiuonne-based suostance 
[0046] In tne first optical fiber, tne amount of the fluo- 
r;ne-based substance doped in the claoding is control- 
led sucn that, when the fioer ena is ;n~.r^ersBc in the etch- 
ant, a proaer ciflerence is proouced between the speec s 
of etching the cladding and the speed of etching tne 
cere This etching speed difference should be sucn that 
after the etching, the fiber end nas a core protruding in 
the form of a cone (or truncated cone) which can prop- 
erly function as a lens. Furthermore, the amount of the 
fluorine-based substance doped in the cladding is ad- 
justed such that the difference in retractive index be- 
tween the core and the cladding is. normally, about 0.3% 
to 0 4%, so as not to adversely affect the light transmis- 
sion property of the optical fiber. 

[0047] The cladding may be doped with a pnospl~o- 
rus-based substance in place of the fluorine-based sub- 
stance, or both phosphorus- and fluorine-based sub- 
stances may be aoped in the cladding. 
[0048] Further the material of the core may not be 2° 
pure si.ica glass In the case where the core is made ot 
silica glass doped with a fluorine-based substance or a 
germanium-based substance such as germanium diox- 
ide, tor example, the cladding may be doped with a 
greater amount oi a fluorine-based substance to such 2S 
an extent that the light transmission property is not af- 
fected, to thereby give rise to an etching speed differ- 
ence between the core and the cladding 
[0049] The above applies also to the second optical 
fiber Namely, the amount of the germaniumi-based sub- 30 
stance doped in the core is controlled such that, when 
the fiber end is immersed in the etchant, a proper differ- 
ence is produced between the speed of etchingtheclad- 
ding and the speed of etching the core Also in this case, 
the etching speed difference should be such that after 3S 
the etching, the fiber end has a core protruding in the 
form of a cone (or truncated cone) which properly serves 
as a lens. 

[OOSO] Subsequently, as shown in FIG. 4, a coating 
layer 14 was formed over the end face lib of the fiPer 4C 
array block 11 such that the optical fibers 12 pro;ecting 
from the end face lib were also covered with the coat- 
ing iayer 14. 

[0051] The manner of covering the optical fibers 12 
with the coating layer 14 Is not limited to that illustrated -^s 
in FIG. 4. For example, the coating layer may be formed 
over the end face lib of the fiber array block 11 such 
that the optical fibers 12 projecting from the end face 
lib are completely buried in the coating layer, as indi- 
cated by the alternate long and short dash line in FIG 4 so 
[0052] The coating layer 1 4 can be formed, for exam- 
ple, by first forming a conductive plating layer on a part 
of the block 11 where the coating layer is to be formed, 
by ordinary e.ectroless p.ating. and then ca'rying out or- 
dinary electrolytic plating on the plating layer to form, a =s 
plating layer w:th a desired thickness. There is no par- 
ticular restriction on the material ot the coating layer 14. 
for example, the coat.ng 'ayer may be m.ade of a -esin 



such as a onotoresist. or of a material wnicn can be sep- 
arated after polishing described later 
[0053] The thickness cf the coating layer 14 is not par- 
tbularly limited However du'ing the formation ot lens- 
es, deaciiued later, tne ienglns of the optica, fibers 12 
projecting from tne end lace lib of the fioer array clock 

11 can be shortened by 20 jam or thereabout. Even in 
such a case, tne lens at each fiber end m.ust be projected 
from the end face lib of the fiber a'ray block 11 ; there- 
fore, the thickness of the coat,ng layer 14 should pref- 
erably be about 50 ^m. 

[0054] "Then, the optical fibers 12 were collectively 
polished, together with the coating layer 14 formed on 
the fiber array block 11 , up to a predetermined position. 
Consequently, irregular projections of the optical fibers 

12 were removed by the polishing, as shown in FIG 5. 
so that polished end faces 12o of the optical fibers 12 
were flush with a poiished surface 14a of the coating 
ayer 14. 

[0055] Subsequently, the coating layer 14 was re- 
moved from the fiber array block 11. Accordingly, the 
ends of the optical fibers 1 2 were projected from the end 
face lib ot the fiber array block 11, as shown in FIG. 6. 
The lengths of the projections of the optical fibers 12 
were substantially the same and were equivalent to the 
thickness of the polished coating layer 14 
[0056] A iens 12a was then formed at the end of each 
of the optical fibers 1 2. Specifically the ends of the op- 
tical fibers 1 2 were immersed in an etchant such as hy- 
drofluoric acid or a solution of a mixture of hydrofluonc 
acid and ammonium fluoride. 

[0057] By immersing the ends of the optical fibers 12 
in tne etchant, the claoaing and the core, each made of 
silica glass, could be etched. 

[0058] In this case, the cladcing was etcned faster 
than the core was. and the optical fiber 12 was etched 
not only in the axial d.rection thereof, which made the 
fiber shorter, but also in the diametrical direction, which 
made the fiber thinner The axial etching and the dia- 
metrical etching progressed simjitaneously Thus, 
when a predetermined time had passed, the projection 
of eat;h optical fiber 12 was shortened, ana at the same 
time the core end was protruded in the form of a core 
(or truncated cone), which served as a lens 12a, as 
shown in FIG 1 , 

[0059] The ends of the optical fibers 12 were etched 
under the same conditions, and the end face 1 1 b of the 
fiber array block 11 was not etched at all. Therefore, in 
the optical fiber array 10 produced in this manner, the 
projections of all optical fibers 12 from the end face 11b 
had substantially the same length. 
[0060] The optical fiber array 10 actually produced in 
the above-described m,anner was connected to an LD 
array in which four LDs had been arranged Then, the 
coupling efficiencies between the optical fibers 12 and 
the resoective LDs we'e measured The coupling efi- 
ciencies oroved to De as high as 35% to 40"o 
[0061] The lens 1 2a o' each optical ficer "2 which is 
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in Iho form of a truncated ccne. may be further irrasiated 
witr^ a concentrated laser beam so as to se heated and 
rr.elted in which case tne shape of the lens can be 
changed to semisphere The optical fioars 12 actually 
processed in this manner nad an even higher coupling 
efficiency of 65% to 75% between the f,bers and tne re- 
spective LDs. 

[0O62] The optical fiber array 10 of this embodm.ent 
can be used with a fiber array block 11 shown in F;G 7, 
in which positioning guide noies 11c, 11c are formed on 
opposite sides of the fiber insertion holes 11 a. 
[0063] in the case of producing a light-emitting mod- 
ule by using this fiber array block 11, guide holes 15a, 
1 5a are formed also in an LD array 1 5 to be connected 
to the optical fiber array 10, at locations corresponding 
to the respective guide holes 11c, 1 lc, as shown in F:G. 
B. In this case, by inserting guide pins 16, 16 into the 
corresponding pairs of guide holes 11c and 15a, it is 
possible to position the optical fiber array 1 0 relative to 
the LD array 15 with high accuracy thus facilitating the 
connection work. 

[0064] Furtner the end face 11b of the fiber array 
blocit 11 may be previously polished before Ihe optical 
fiber array 10 is produced by the method of the present 
invention. In this case, when connecting the optical fiber 
array 10 produced in this manner to an LD array the 
connection work can be facilitated because the polished 
surface of the fiber array block 11 can be used as a ref- 
erence mark during the whole connection work 
[0065] An optical fiber array and a method of produc- 
ing the same, according to a second embodiment of the 
present invention, will be now described In detail with 
reference to FIGS. 9 to 15. 

[0066] In an optical fiber array 20 of this embodiment, 
as shown in FIG. 9, a plurality of (in the figure, four) op- 
tical fibers 22 are fixed in a fiber array block 21 by ad- 
hesive 23, and a metal plating layer 24 is formed over 
the entire surface of the block 21 , except for the ends of 
the optical fibers 22, 

[0067] The fiberarray block 21 is a rectangular paral- 
lelepiped member made of a synthetic resin, and has 
lour fiber insertion holes 21a formed through a central 
portion thereof at regular Intervals (at an equal pitch), 
[0068] The four optical fibers 22 project from an end 
lace 21b of the fiber array block 21 by substantially the 
same length, and a lens 22a is formed at each end of 
the fibers 22. The optical fibers 22 are identical with 
those used in the first embodiment. 
[0069] The metal plating layer 24 serves to shield the 
fiber array block 21 , and when the block 21 is combined 
with an LD array to form a light-emitting module, the plat- 
ing layer 24 functions as a barrier for blocking off the 
gas which is emitted from the synthetic resin forming the 
optica! fiber array 20 due to neat generated oy the LD 
array. 

[0070] The optical fiber array 20 having the above-de- 
scribed construction was proouced by a metnod ce- 
scribed below 



[0071] Various steps were earned out under the same 
condit.ons as those used in the first embodiment, except 
for the step of forming the metal plating layer 24, and 
the materials of the fiber array block 21 optical fioers 

5 22, and etchant for the fibers 22 were identical witn the 
respective materials used in the first embodiment 
[0072] In the first step, as shown in FIG. 10, the optical 
fibers 22 were inserted into the respective fiber insertion 
holes 21a of the fiber array block 21 such that the ends 

ic thereof were projected from the end face 21b of the 
block 21 , and the fibers 22 were fixed by epoxy resin 
adhesive 23, lor example 

[0073] Then, in the second step, the metai plating lay- 
er 24 was formed over the entire surface of tne fiber ar- 
'£ ray block 21 and the surfaces of portions of each optical 
fiber 22 projecting in opposite directions from the block 
21 , as shown in FIG. 11 

[0074] In this optical fiber array 20 provided with the 
metal plating layer 24, gas, if produced from the fiber 
so array block 21 , is shielded oy the metal plating layer 24 
and is prevented from being emitted to the outside of 
the block 21. 

[0075] The metal plating layer 24 is made of a material 
which is not eroded by the etcnant used when forming 

25 lenses in the fourth step, mentioned later, and compris- 
es, lor example, a nickei plating layer 
[0076] The thickness of the metal plating layer 24 is 
not pa.'ticularly limited However, during the formation of 
lenses 22a, described later, the lengths of the optical 

30 fibers 22 projecting from the end face 21b of the fiber 
array block 21 can be shortened by about 20 \im. Even 
in such a case, the lens 22a at each fiber end must be 
projected from the end face 21b of the fiber array block 
21 ; therefore, the thickness of the metal plating layer 24 

35 should preferably be about 50 fim.. 

[0077] In the third step, the ends of the optical fibers 
22 projecting from the end face 21b of the fiber array 
block 21 were collectively polished. 
[0078] Preferably, In this case, the ends of the optical 

-fo fibers 22 projecting from the end face 21 b of the block 
21 are covered, together with the end face 21 b, with a 
synthetic resin, thereby lo form a coating layer 25 of 
cured synthetic resin, as shown in FIG. 12, The coating 
layer 25 serves to reinforce the optical fibers 22 during 

45 the polishing step. The coating layer 25 may be formed 
in such a manner that the ends of the optical fibers 22 
are completely buried in the layer 25, as indicated by 
the alternate long and short dash line in FIG. 12. 
[0079] The synthetic resin used includes an ultravio- 

50 let-curing resin and a thermosetting resin, for example. 
After the resin is applied to the end face 21 b of the block 
21 , ultraviolet rays or heat is applied to the resin for cur- 
ing, whereby the projected end portions of the optical 
fibers 22 are immovably fixed as they are 

ss [0080] After Ihe collective pol.shing, the irregular pro- 
jections o' the optical fibers 22 had been removed by 
the polisnmg, as shown in FIG 13, and the polishec end 
faces 22b of the optical fibers 22 were flush with the pol- 
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ished surfaces of tne metal pialing layer 24- and coaling 
layer 25. Namely, trie polished surfaces 22b of tne opti- 
cal fibers 22 all projected from the end face 2lb of the 
liber array block 21 by substantially the same length 
[0081] Then, the coating layer 25 covering the end 
face 21b of the fiber array block 21 was removed As a 
result, the ends of the optical fibers 22 were projected 
from the end face 21 b of the fiber array block 21 , arc 
the polished surfaces 22b tnereof were at substantially 
the same distance from the end face 21b of the block 
21 as a reference plane. 

[0082] Subsequently, in tne fourth step, the ends of 
the optical fibers 22 were immersed in an etchant such 
as .nydrofluoric acid or a solution of a mixture of hy- 
drofluoric acid and ammonium fluoride, to form a lens 
22a, which protrudes in the form of a truncated cone, at 
each end of the optical fibers 22, as shown in FIG 9. 
[0083] In the etching step, the end portion of each op- 
tical fiber 22 projecting from the end face 2 1 b of the fiber 
array block 21 is shortened by about 20 to 30 ^irn. Pref- 
erably, therefore, that portion of the metal plating layer 
24 which covers the outer periphery of the distal end of 
each optical fiber 22 is previously removed for a length 
of approximately 20 to 30 yim prior to the etching step. 
[0084] The etching was periormed on the ends of all 
optical fibers 22 under the same conditions, and accord- 
ingly, the ends of the optical fibeis 22 were projected 
from the end face 21b of the block 21 by substantially 
the same length. 

[0085] The truncated cone-shaped lens 22a of each 
optical fiber 22 may further be irradiated with a concen- 
trated laser beam so as to be heated and melted, in 
which case the shape of the lens can be changed to 
semisphere. 

[0086] In the optical fiber array 20 of this embodiment, 
the fiber array block 21 having the fiber insertion holes 
21 a, through which the opfical fibers 22 are respectively 
inserted and fixed by the adhesive 23, can be modified 
as shown in FIG. 15. Specifically, the lens 22a, formed 
at the end of the optical fibers 22, may be located at a 
position receding from, or inward of, the end face 24a 
of the metal plating layer 24. 

[0087] Thus, intheopticalfiberarray 20shown in FIG 
15, the lenses 22a recede from the end face 24a of the 
metal plating layer 24. Accordingly, when optically con- 
nected to an LD array, the lenses 22a never touch the 
corresponding light-emitting surfaces of the LD array, 
and damage to the LD array during the optical connec- 
tion can be reliably prevented. 

[0088] This optical fiber array 20 can be produced by 
carrying out the first to third steps described above, and 

then suitably controlling tne etching amount during the 
formation of the lenses 22a (fourth step) 



Claims 



1. An optical fioer array (10) comprising 



7. 



a plurality of silica glass opticai fibers (12) 
which each comprise a core and a cladding; 
and 

a fiber array block member (11 ) made of a syn- 
thetic resin and com.prising holes in which said 
plurality of silica glass optical fibers are ar- 
ranged and fixed, 

each of said plurality of silica glass optical fibers 
having an end projecting from an end 'ace (lib) 
of said fioer array member by a substantially 
equal length, and a lens (12a) having a shape 
of a cone or a truncated cone formed by etching 
at the end thereof, wherein 
said core and cladding are made of materials 
to be etched in such a manner that said clad- 
ding is etched faster than is said core when im- 
mersed in hydrofluoric acid or a solution of a 
mixture of hydrofluoric acid and ammonium flu- 
oride. 

The optical fiber array according to claim 1 , wherein 
said core of the silica glass optical fiber is made of 
pure silica glass, said cladding being made of silica 
glass doped with a fluorine-based substance. 

The optical fiber array according to claim 1 , wherein 
said core of the silica glass optical fiber is made of 
silica glass doped with germanium dioxide, said 
cladding being made of pure silica glass or of silica 
glass doped with a fluorine-based substance. 

The optical fiber array according to any preceding 
claim, wherein said fiber array member (11) has a 
plurality of fiber holes (11 a) formed therethrough at 
an equal pitch, said plurality of optical fibers (12) 
being respectively inserted into said fiber holes 

The optical fiber array according to any preceding 
claim, which further comprises a shield layer (14) 
formed on an outer periphery of said fiber array 
member (11 ) and outer peripheries of said plurality 
of optical fibers (12). 

The optical fiber array according to claim 5, wherein 
said shield layer comprises a metal plating layer 
(24). 

A method of producing an optica! fiber array (10), 
comprising the steps of: 

arranging and fixing a plurality of optical fibers 
(12) having a core and a cladding in holes of a 
fiber array block member (11) such that an end 
of each of the optical fibers projects from an end 
face (11b) of the fiber array memoer wherein 
the fibers are made of materials to be etched in 
such a manner that said cladding is otchod fast- 
er than is the core when immersed in hydrofluo- 
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ric acid or a solution of a mixture o' hydro fl jonc 
acid and ammonium fluoride, 
forming a coaiirg layer (1 4) o' a desired thick- 
ness over the end face of ihe fiber array mem- 
ber and portions of the optica: fibers projecting 
from the end face of the fiber array memiber; 
collectively polishing the ends of the optical fib- 
ers projecting from the end face of the fiber ar- 
ray member, together with the coating layer, up 
to a predetermined position, thereby making 
the lengths of projections of the optical fibers 
substantially equal; and 
removing the coating layer and forming by etch- 
ing a lens (12a) having the shape of a cone or 
a truncated cone at the end of each of the op- 
tical fibers, wherein said etching step includes 
the ends of the optical fibers (12) being im- 
mersed in hydrofluoric acid or a solution of a 
mixture of hydrofluoric acid and ammonium flu- 
oride so that a cladding of each optical fiber Is 
etched faster than a core thereof. 

8, The method according to claim 7, wmch 'urther 
comprises a step of forming a shield layer (24) over 
an entire surface of the fiber array member (21 ) and 
entire surfaces of the portions of the optical fibers 
(22) projecting fronn the fiber array member before 
said coating-layer formation step is carried out. 

9. The method according to claim 8, wherein said 
shield layer (24) comprises a metal plating layer 

Patentansp ruche 

35 

1. Lichtleitfaseranordnung (10) mit: 

einer Anzahl von Quarzglas-Lichtleitfasern 
(12), welche jeweils einen Kern und eine Um- 
huliung aufweisen, und 

einem Faseranordnungsblock (11) aus einem 
Kunstharz mit Lochern, in welchen die Anzahi 
der Quarzglas-Lichtleitfasern angeordnet und 

fixiert sind, 

wobei jede der Anzahl der Quarzglas-Lichtieit- -^s 
fasern ein Ende, welches von einer Endflache 
(11b) des Faseranordnungselements mit einer 
im wesentlichen gleichen Lange vorragt, und 
eine Linse (12a), welche eine Kegei'orm oder 
eine Kegelstumpfform, welche durch Atzung an so 
einem ihrer Enden gebildet ist, aufweist, wobei 
der Kern und die Umhullung aus Materialien 
bestehen, die derart zu atzen sind, daf3 be; Ein- 
tauchen in Fluorwasserstoffsaure ocereine L6- 
sung einer Mischung aus Fluorwasserstotfsau- " 
re und Ammonium'luorid die Umhuliung 
schnellor angeatzt wird a'S der Kern 



2. Lichtleitlaseranordnung nach Anspruch 1, wobei 
der Kern der Quarzglas-Llcntleitfaser aus reinem 
Quarzglas hergestellt ist, wobei die Umhullung aus 
einen Qja'zglas hergestelll ist welches mit einem 



7. Verfahren zur Herstellung einer Lichtleitfaseranord- 
nung (10), mit folgenden Schritten; 

Anordnung und Fixierung einer Anzahl von 
Lichtieitfasern (12) mit einem Kern und einer 
Umhullung in Lochern eines Faseranordnungs- 
blokkelements (11) derart, daG ein Endejeder 
der optischen Fasern von einer Endflache (lib) 
des Faseranordnungselements vorsteht, wo- 
bei die Fasern aus Materialien bestehen. die 
derart anzuatzen sind, da3 bei Eintauchen in 
Fluorwasserstoffsaure oder eine Losung emer 
Mischung aus Fluorwasserstoffsaure und Am- 
moniumfluorid die Umhullung schneller als der 
Kem angeatzt wird; 

3ildung einer Beschichtungsschicht (14) einer 
gewOnschten Dicke uber der Endflache des Fa- 
seranordnungselements und Abschnitten der 
Lichtieitfasern, welche von der Endflache des 
Faseranordnungselements vorstehen. 
kollektives Pol:eren der Enden der Lichtieitfa- 
sern. welche von der Endflache des Faseran- 
oronungsele.mants vorstehen. zusammen mit 
der Beschichlungsschicnt, bis zu einer vorbo- 
stimmton Position wndurch die Proiektions'.an- 
ger der Lichtieitfasern im wesentlichen gleich 



s Stotf auf Fluorbasis dotieri ist 

3. Lichtleitfaseranordnung nach Anspruch 1 . wobei 
der Kem der Quarzglas-Lichtleitfaser aus Quarz- 
glas, welches mit Germaniumdioxid ootiert ist, her- 

10 gestellt ist, wobei die Umhullung aus reinem Quarz- 
glas Oder aus einem Quarzglas, welches mit einem 
Stoff auf Fluorbasis dotiert ist, hergestellt ist. 

4. Lichtleitfaseranordnung nach einem der vorstehen- 
's den Anspruche, wobei das Faseranordnungsele- 

ment (11) eine Anzahl von durch das Element sich 
erstreckenden Faserlochern (11a) mit gleichem Ab- 
stand voneinander aufweist, wobei die Anzahl von 
Lichtieitfasern (12) jeweils in die Faserlocher einge- 
20 fuhrt sind. 

5. Lichtleitfaseranordnung nach einem der vorstehen- 
den Anspruche, welche ferner eine Abschirm- 
schicht (14) aufweist, welche auf einer auReren Pe- 

25 ripherie des Faseranordnungselements (11) und 
auBeren Peripherien der Anzahi der Lichtieitfasern 
(12) gebildet ist. 

6. Lichtleitfaser nach Anspruch 5, wobei die Ab- 
30 schirmschicht eine metallische Plattierungsschichi 

(24) aufweist. 
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gemacht werden, und 

EnttGrnung der 3eschichtungsschicnt jnd 
durch Anatzung Bilcung einer Linse (I2a) wel- 
che die Form eines Kegels ocer eines Kegel- 
stumpfes autweis!, an der" Ende jeder cer 
Lichtleittasem, wobei der Anaizschritt oas Eln- 
tauchen deroptischen Fasern(l2) in Fluorwas- 
serstotlsaure Oder eine Losung einer Mischung 
aus FiL'orwasserstotfsaure und Amnnonium- 
fluorid umfarat, so daB eine Umhullung jeder ?c 
Lichtleitfaser schneller angeatzt wird als ein ie- 
welliger Kern, 

8. Verlahren nach Anspruch 7, weiches ferner einen 
Schritt umfaBt, be: ciem erne Abscliirmschicl^t [24] 'S 
uber einer gesamten Oberfiache des Faseranord- 
nungselements (21) und gesamten Oberflachen 

der Abschnitt der Lichtleitfasem (22), welche von 
dem Faseranordnungselement vorstehen, gebildet 
wird, bevor der Schritt der Bildung der Beschicfi- 2° 
tungsschicfit ausgefuhrt wird. 

9. Verfahren nach Anspruch B, wobei die Abschirm- 
schicht (24) eine Metallplattierungssohicht auf- 
weist. 



Revendications 

1. Reseau (10) de fibres optiques comprenant : 

une pluralite de fibres optiques (1 2) en verre de 
silice comprenant chacune un noyau et un 

gainage ; 

un element formant bloc de reseau de fibres 35 
(11) realise en une r6sine synthetique et com- 
portant des trous, dans lequel sont agences et 
fix6s ladite plurality de fibres optiques en verre 
de silice, 

chaque fibre de ladite plurality de fibres opti- 
ques en verre de silice ayant une extremite en 
sailiie a partir d'une face d'extremite (lib) dudit 
element da rSseau de fibres d'une longueur 
sensiblement 6gale, el une lentille (12a) ayant 
une forme de cone ou de cone tronque lormee ^5 
par attaque de son extremity, dans lequel 
ledit noyau et le gainage sont realises k partir 
de mat^riaux devant etre attaques de telle sorte 
que ledit gainage est attaque plus rapidement 
que ledit noyau lorsqu'ils sont jmmerg6s dans so 
de I'acide fluorhydrique ou une solution d'un 
melange d'acide fluorhydrique et de fluorure 
dammonium. 

2. Reseau de fibres optiques selon la revendicalion 1 , =s 
dans lequel ledit noyau de la fiore opticue en verre 

de silice est r6al,s6 en verre de siiice pure, ,odit gai- 
nage etant realise de verre de silice dope par une 



substance a base de fluor 

3. Reseau de fibres optiques selon la revendication 1 
dans lequel ledit noyau de la fibre optique en verre 
de silice est realise en verre de siiice oope avec du 
dioxyde de germanium, ledit gainage etant realise 
en verre de silice pure ou en verre de siiice dope 
par une substance k base de fluor 

4. Reseau de fibres optiques selon I'une quelconque 
des revendications precedentes, dans lequel ledit 
element de reseau de fibres (ll)comporte une plu- 
ralite de trous pour fibre (11a) formes dans celui-ci 
se.on un pas egal, ladite pluralite de fibres optiques 
(12) etant inserees respectivement dans lesdits 
trous pour fiore. 

5. Reseau de fibres optiques selon I'une quelconque 
des revendications pr6c6dentes, comportant en 
outre une couohe de blindage (14) formee sur une 
peripherie externe dudit element da reseau de fi- 
bres (11) et des peripheries externes de ladite plu- 
rality de fibres optiques (12). 

6. Reseau de fibres optiques selon la revendication 5, 
dans lequel ladite couche de blindage comporte 
une couche de placage metallique (24). 

7. Procede de fabrication d'un reseau de fibres opti- 
ques (10), comprenant les stapes consistant A : 

agencer et fixer une pluralite de fibres optiques 
(12) ayant un noyau et un gainage dans des 
trous d'un element formant bloc de reseau de 
fibres optiques (11) de sorte qu'une extremite 
de chaque fibre optique s'etende en sailiie S 
partir d'une face d'extremite (lib) de I'element 
de reseau de fibres, les fibres etant realisees 
en materiaux devant etre attaques de sorte que 
ledit gainage est attaque plus vite que le noyau 
lorsqu'ils sont immerges dans de I'acide fluo- 
rhydrique ou dans une solution d'un melange 
d'acide fluorhydrique ou de fluorure 
d'ammonium ; 

former une couche d'enrobage (14) d'une 
^paisseur desirSe sur la face d'extremite de 
I'6l6ment de reseau de fibres et des parties des 
fibres optiques en sailiie a partir de la face d'ex- 
tremite de I'element de reseau de fibres : 
polir conjointement les extrSmit^s des fibres 
optiques en sailiie a partir de la face d'extremite 
de I'6l6ment de reseau de fibres, ainsi que la 
couche d'enrobage, iusqu'a une position pre- 
determinee, de manifere A rendre sensible.ment 
egales les longueurs des saiiiies das fiores 
optiques : 

supprimer la couche d'onrcbagfi g! former par 
attaque, une lentille (I2a) ayant la forme d'un 
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cone ou d'un c6ne tronque a I'extremite de cha- 
que fibre optique, I'etape d'atiaque comportant 
i'immersion des exiremites des fibres optiques 
(12) dans de I'acide fluorhydrlque ol dans une 
solution d'un melange d'acide fluorhydrique et s 
de fluorure d'ammonium, de sorte que le gai- 
nage de chaque fibre optique est attaque plus 
rapidement que son noyau. 

8. Precede selon la revendication 7, comportant en 
outre une etape consistant a former une couche de 
blindage (24) sur la surface entifere de I'elSment de 
reseau de fibres (21) et sur les sjrfaces entieres 
des parties des fibres optiques (22) en saiilie a pariir 

de I'slement de reseau de fibres avant la realisation '5 
de I'etape de formation de la couche d'enrcbage 

9. Precede selon la revendication 6, dans lequel ladite 
couche de blindage (24) comporte une couche de 
placage metallique. ^'^ 
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